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The wire drawing process is quite simple in concept. The wire rod before drawing mechanical descaling or pickling was
carried out according to the requirements of customer or grades .The wire then ﬁt through the die; the wire is then pulled
through successive die maintaining proper lubrication and cooling of die. Each stage of drawing consists of a drum and a die
(which help in drawing). The speed of each drum is maintained at higher speed than the previous one. Generally calcium
soap is use as lubricant. The drum helps to decrease the temperature which rises during drawing operations thus proper
cooling of die is required. And the drum also acts a buffer for storage of wire. During wire drawing through die the diameter
decrease and the length increases making the volume constant. Usually the wire will require more than one draw depend
upon the end use, to reach the desired size [1,2]. The process of wire drawing improves mechanical properties during
drawing process.
If the reduction in diameter is greater than 50%, the process may require patenting between the processes of drawing the
wire through the dies. Patenting is done to release the stress which is induced during drawing operations. Commercial wire
drawing usually starts with a coil of hot rolled 11–9 mm diameter wire rod.
Steel wires produced by cold drawing are used in many critical engineering applications such as motor tyre beed,
electrodes, springs, wire ropes, mesh, and so forth [1,2]. In general, steel wires are produced from control cooled or patented
wire rods by single or multi pass cold drawing operations. During cold drawing, wire breakages sometimes occur, causing
operational interruptions and loss of productivity [3–6]. The types of wire breakages that occur during cold drawing may be
attributed by improper input wire rod quality in terms of microstructure and cleanliness, inappropriate combinations of* Corresponding author. Tel.: +91 8092084714; fax: +91 657 234395.
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pipe, entrapment, segregation and surface quality (laps, seams, slivers and ﬁns) in the input wire rods must also be within
acceptable limits for appropriate wire drawing. Ideally each wire rod mill should have its own cooling practice to achieve a
desirable wire rod microstructure suitable for further drawing operations. Rapid cooling of high carbon grades may produce
a microstructure similar to patenting, which allow direct drawing of many grades of steel into wire without any additional
heat treatment. A moderate cooling rate is suitable for steel containing high carbon and manganese in addition of small
amount of Chromium that are prone to the formation of coarse pearlite [4–6]. In actual rolling mill, however, undesirable
microstructures such as coarse pearlite, hard spots (bainite and martensite) may develop as a result of improper heat
treatment or patenting. Undesirable microstructure leads to wire breakages during subsequent cold drawing operations.
Proper die lubrication is also an important factor during drawing because wire breakages are often caused by lubrication
breakdown on the wire surface [7,8]. Lubrication breakdown may result in localized generation of heat on the wire surface
and resulted in failure.
The stresses during wire drawing can lead to a particular type of internal mechanical damage, which is commonly termed
as ‘Central Bursting’. It is also known as the Chevron defect. These are ‘V’ shaped tearing along the central axis of the wire
with the closed end of the ‘V’ pointing toward the drawing directions [3]. Segregation improper heat treatment and improper
combination of semi-die angle are major cause of concern for central bursting. In this present work different reasons of
formation of central bursting in wires, which led to wire breakage are studied.
2. Experimental procedure
Three pieces of failed wires samples were collected from the drawing mill for investigations. The samples were cleaned
with acetone to remove dirt for visual examination prior to metallographic sample preparation. Transverse and longitudinal
specimens were made from the fractured end of each failed wire samples for conducting light optical microscopic
examination and X-ray mapping. These samples were individually mounted in conductive mounting and polished by
conventional metallographic techniques for scratch free surface. The polished samples were etched in 3% nital solution (3 mL
HNO3 in 97 mL ethyl alcohol), and both un-etched and etched samples were examined in a light microscope to observe
microstructural constituents. The micro hardness of different phases observed in the broken wire samples was determined
in a pneumatically controlled automatic micro hardness tester (Leco-LM247AT). An applied load of 100 gf was used during
testing, and several indentations were made to determine the hardness of different phases. Field Emission Gun Scanning
Electron Microscope (FEG-SEM) study of the samples was also carried out to identity exact phases present in the samples.
The analyses were performed at 15 keV accelerating voltage and 510–8 A probe current.
3. Results and discussions
3.1. Sample characteristics
The steel wires that failed at the time of wire drawing operations all of them been processed from different size of wire
rods. The wire sample investigated is processed from 130 mm  130 mm billet samples and the wire varied in diameters
from 3.94 mm to 1.17 mm. Details of the sample are given in Table 1.
3.2. Visual examination
All the three premature failed wire samples were examined visually and photographed in the as received condition under
Stereo microscope at various magniﬁcations. Finger-nail fracture was observed in case of sample #1, and crow feet marks
was observed on the wire surface shown in Fig. 1(a) whereas cup and cone fracture was observed in samples #2 and 3 shown
in Fig. 1(b)–(d). Fine surface tearing in the form ﬁne crow feet marks are randomly observed near the fractured ends in case of
the wire samples #2 and 3.
3.3. Microstructural features
Optical microscope was used to inspect the broken samples at different magniﬁcation. The un-etched microstructures of
all the failed wire samples showed ‘V’ shapes tearing along the central axis of the wire with the center of the ‘V’ pointed
toward the drawing direction shown in Figs. 2(a) and 4(a). The un-etched structures of all the broken wire were of similar
conﬁguration.Table 1
Particulars of failed samples.
Sample no. Sample type C Mn Si Cr Ni Mo Cu Size (mm)
1 Steel wire 0.081 1.48 0.90 0.032 0.011 0.003 0.063 1.17
2 0.740 0.72 0.18 0.205 0.018 0.001 0.005 3.92
3 0.850 0.75 0.212 0.029 0.017 0.029 0.007 3.94
Fig. 2. (a) and (b) Un-etched and etched structure showing center bursting in sample #2, (c) and (d) showing cold deformed ferrite and pearlite structure and
less deformed bainite (dark brown etchant) near the defect regions.
Fig. 1. (a) Finger nail type fracture in sample #1 at 10 magniﬁcation. (b) Cup fracture of sample #2(c), (c) and (d) cup and cone fracture of sample #3.
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pearlite and ferrite microstructure observed; whereas less deformed bainite (dark brown matrix) observed in most of the
part of drawn wires which is shown in Fig. 2(c) and (d) .To verify the different etchant phase micro-hardness was carried out,
the dark brown etchant phase gives average hardness of 430–470 HV and the light etchant phase gives hardness of about
300–330 HV. From the microstructure and the hardness conforming that the dark phase to be bainite and the light phase to
be cold deformed ferrite and pearlite.
In case of sample# 3, nital-etched structures shows martensite (white matrix) with cold deformed pearlitic grain
structure which is shown in Fig. 3(a) and (b). Chevron marks and other small internal cracks are observed at the interface of
pearlite and martensite in case of sample #3 which was observed at different magniﬁcations respectively Fig. 3(a) and (b). To
verify the different etchant phase micro-hardness was carried out in different locations, the white etchant phase gives
average hardness of range 830–870 HV indicating this layer to be martensite. Field Emission Gun Scanning Electron
Microscope (FEG-SEM) study of the samples was also carried out to identity the exact phases present around the defect
locations. Purpose behind this test relates to identiﬁcation of different phases (martensite and pearlite) by their morphology
and orientation at higher magniﬁcations which was not so clear in optical microscope. From the image it was clear that
disruption started at the interface of hard phase martensite and pearlite which is shown in Fig. 3(c) and (d).
But in the case of sample #1, nitral etched microstructure revealed deformed pearlitic structure in both longitudinal and
transverse direction of drawn wires shown in Fig. 4(a)–(d) .To verify the structure micro hardness was carried out, uniform
hardness was found throughout the location (280–300 HV).
Fig. 3. (a) Etched structure showing center bursting in sample #3, (b) showing white (martensite) and deformed pearlite structure, (c) and (d) FEG-SEM
structure showing martensite around the central bursting.
Fig. 4. (a) and (b) Un-etched structure showing center bursting in the transverse and longitudinal section in sample #3, (b) and (d) etched structure showing
cold deformed pearlite structure in sample# 3.
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X-ray mapping was carried out in case of samples #2 and 3 to determine the elemental concentration difference between
different phases. In both the broken wire samples X-ray dot mapping does not revealed any segregation throughout the
locations of the broken wire samples. X-ray mapping images of sample #2 were shown in Fig. 5.
4. Discussion Visual examinations of broken wire samples #2 and 3 showed cup and cone fracture at broken ends, whereas in sample #1
ﬁnger-nail facture was observed in the broken end. Fine surface tearing in the form ﬁne crow feet marks were randomly
observed near the fractured ends in case of wire samples #2 and 3. In sample #1, no microstructure variation was found in the core to surface of the wire which was conforming from the
hardness proﬁle study of the broken wire samples. In sample #2, nital-etch microstructure revealed the formation of hard phase bainite (634.69 HV) around the cracks. The
central bursting was originated from the hard and brittle bainite layers on the wire samples and resulting in breakage
during successive drawing stage. In sample #3, nital-etched microstructures showed the existence of white-etching layers above and below the cracks.
Microhardness measurements conformed that the white etching layers were martensite (830–870 HV). Scanning Electron
Microscopy observations of etched samples of the broken wire corroborated the incidence of martensite around the central
bursting.
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In case of samples #2 and 3 the occurrence of wire breakage caused by presence of hard brittle phase (bainite and
martensite) which makes the central ﬁbers brittle and provides the initiation of the chevron cracks. X-ray mapping does not
reveal any segregation at or near the hard phase. The above observations suggest that the hard phase formed due to some
anomaly during retarded cooling during hot rolling operations. In sample #1 wire breakages took place due to presence of
center bursting in wires. Center bursting might be the result of improper combination of semi die angle and reduction during
wire drawing process.
References
[1] Das S, Mathur J, Bhattacharyya T, Bhattacharyya S. Failure analysis of steel wire of grade LRPC during drawing process. Engineering Failure Analysis
2013;27:333–9.
[2] Barer RD, Peters BF. Wire ropes, why metals fail. New York, NY: Corden & Breach Science Publishers; 1982. p. 218–23.
[3] Sharp GA. Steel wire for ropes. In: Dove AB, editor. Steel wire handbook, vol. 3. Branford, CT: The Wire Association Inc.; 1972. p. 77–94.
[4] Wear resistance of steels. Davis JR, editor. ASM specialty handbook: carbon and alloy steels. ASM International; 1996. p. 170–200.
[5] Jamieson FL. Failures of lifting equipment. In: Mills K, Davis JR, Destefani JD, Dietrich DA, Crankovic GM, Frissell HJ, editors. 9th ed., Failure analysis and
prevention ASM handbook, vol. 11, 9th ed. American Society for Metals; 1986. p. 514–21.
[6] Dhua SK, Ray A, Jha S. Metallurgical investigation of locked coil wire rope samples fractured during service. Steel India 2000;23(2):40–2.
[7] Ray A, Dhua SK, Mishra KB, Jha S. Microstructural manifestation of fractured Z-proﬁle steel wires on the outer layer of a failed locked coil wire rope.
Journal of Failure Analysis and Prevention 2003;3(August (4)):33–7.
[8] Zimerman Z. Wire. Journal International 1988;August:50.
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